Designing subtilisin BPN' to cleave substrates containing dibasic residues.
The bacterial serine protease, subtilisin BPN', has been mutated so that it will efficiently and selectively cleave substrates containing two consecutive basic (dibasic) residues. Mutants were designed on the basis of both the structure of subtilisin BPN' and considerations of sequence differences between it and eukaryotic homologs, Kex2, PC2, and furin, which are known to cleave dibasic substrates. These eukaryotic proteases have high sequence homology to one another but differ substantially from subtilisin BPN' in loops that interact with the substrate. When these loops were grafted into subtilisin BPN', the mutated enzyme could not be expressed, presumably due to destabilization of the folded enzyme. We noted that several neutral residues in subtilisin BPN' (Gly 166, Ser 33, and Asn 62) that are positioned to interact with a dibasic substrate are acidic residues at analogous positions in Kex2. Mutating these residues individually to either Glu or Asp in subtilisin BPN' resulted in systematic shifts in substrate specificity (kcat/Km) toward basic residues and away from the natural preference for hydrophobic substrates. A combination mutant, where Asn 62 was changed to Asp and Gly 166 was changed to Asp (N62D/G166D), had a larger than additive shift in specificity toward dibasic substrates. This unexpectedly large change was confirmed by detailed analysis with a variety of synthetic substrates. Additional substrate determinants were revealed by sorting a library of phage particles (substrate phage) containing five contiguous randomized residues. This method identified a particularly good substrate (Asn-Leu-Met-Arg-Lys) that was selectively cleaved in the context of a fusion protein by the N62D/G166D subtilisin.(ABSTRACT TRUNCATED AT 250 WORDS)